InTaO 4 was synthesized by a solid-state reaction method using metal oxide as the starting materials. Co was added by incipient-wetness impregnation. The sample was pretreated by H 2 (200 Torr) reduction at 500˚C for 2 h and subsequent O 2 (100 Torr) oxidation at 200˚C for 1 h. The core-shell structure of metallic Co and Co 3 O 4 was formed by this reduction-oxidation procedure. The catalysts were characterized by powder X-ray diffraction, scanning electron microscope, and ultraviolet-visible spectroscope. The photocatalytic reduction was carried out in a Pyrex reactor with KHCO 3 or NaOH aqueous solution bubbled with ultra pure CO 2 gas under visible light illumination. SEM micrographs show many small Co 3 O 4 particles on the surface of InTaO 4 . The band gap of Co 3 O 4 -InTaO 4 was 2.7 eV, confirming that these catalysts have the ability to reduce CO 2 to methanol. The methanol yield increased with the amount of Co 3 O 4 cocatalysts. The catalyst had a higher activity in KHCO 3 aqueous solution than in NaOH solution. The InTaO 4 catalyst with 1 wt% Co 3 O 4 cocatalyst had the highest activity among all catalysts. Co 3 O 4 was incorporate into the surface structure of InTaO 4 to form Co x InTaO 4-x . It resulted in more defect sites on the surface of InTaO 4 and changed the valence band structure. It formed a Schottky barrier to suppress the electron-hole recombination.
Introduction
Photocatalytic reduction of carbon dioxide to methane and methanol has been How to cite this paper: Pan extensively studied by many researchers [1] - [6] . Anpo et al. [7] carried out a series of research on Ti-zeolite and Ti-mesoporous materials since 1997. Several photocatalysts were reported, such as Ti-oxide/Y-zeolite [8] , Ti-MCM-41 [9] , Ti-MCM-48 [9] , FSM-16 [10] [11] , Ti-β zeolite [12] , and self-standing porous silica thin films [13] [14] [15] , etc. It is important to use the catalysts with low energy band gap, because the lower the band gap is, the easier the photon excited [16] [17] [18] [19] .
InMO 4 (M = Ta, Nb, V) catalysts have been reported as photoactive for water splitting reaction under visible light [20] [21] [22] [23] . According to the band structures of InTaO 4 , the photoreduction of carbon dioxide on InTaO 4 catalysts should be feasible. Our previous study [24] showed that NiO-InTaO 4 
Experimental

Catalyst Preparation
The polycrystalline InTaO 4 was synthesized by a solid-state reaction method as reported in literature [24] . The pre-dried In 2 O 3 and Ta 2 O 5 were used as the starting materials. The stoichiometric amounts of precursors were mixed and reacted in an aluminum crucible in air at 1100˚C for 12 h. The material was stirred at least 3 times during preparation to ensure well mix of starting materials. 
Catalyst Characterization
X-Ray Diffraction (XRD)
The XRD experiments were performed using a Siemens D-500 powder diffractometer with Cu-K α radiation (40 kV, 41 mA), 0.024˚ step size and 1 sec step time from 5˚ to 90˚. The detailed experimental procedure has been reported in the previous literature [25] . The Bragg-Brentano focusing geometry was em- 
Scanning Electron Microscopy (SEM)
The detailed experimental procedure has been reported in previous literature [25] . Briefly, the samples were placed on an aluminum stage specially made for SEM. The samples were sputter-coated with Au for 90 s before the experiment began. The microstructure and morphology of the materials were examined using a scanning electron microscope (Hitachi S-800) with a field gun. An accelerating voltage of 20 kV was used. The composition of the samples was determined by X-ray energy dispersion spectrum (EDS) with accelerating voltage of 20 kV.
Ultraviolet-Visible Spectroscopy (UV-vis)
The diffuse reflectance UV-vis was measured with a Cary 300 Bio UV-visible
Spectrophotometer. Powder samples were loaded in a quartz cell with Suprasil windows, and the spectra were collected in the range from 300 nm to 800 nm against quartz standard.
Photocatalytic Reaction
Photocatalytic reactions were carried out in a continuous flow reactor. The detailed reaction procedure was described in previous literature [25] . The catalyst powder (0.14 g) was dispersed in a reactant solution (50 mL) in a down-window type irradiation cell made of Pyrex glass (75 ml). 0.2 M Sodium hydroxide aqueous solution or 0.2 M potassium bicarbonate aqueous solutions were employed as an absorbent of carbon dioxide and the ultra pure CO 2 were added continuously into the reactor for 1 h to remove the oxygen in the water, and saturated carbon dioxide in the solution. Using the cooling system combined with water pump, the temperature of the reactor was maintained at room temperature. Light on to start the reaction, and the irradiation was continued for 20 h.
The light source was a 500 W halogen lamp (Ever bright; H-500). After reaction for 20 h, the reaction solution was centrifuged for 10 min to separate the reaction products from the powder catalyst. 10 mL of the upper stratum was taken for analyzing the concentration of methanol. The amount of methanol was determined by a gas chromatography equipped with a flame ionization detector, using Poropack-QS column. 
Results and Discussion
XRD
SEM
UV-vis Spectroscopy
Photocatalytic activity is dependent on the band structure of semiconductor.
The information of band structure is very important for understanding photocatalytic reaction. Figure 3 shows the diffuse reflectance spectra of InTaO 4 
Photocatalytic Reaction
The activities of carbon dioxide reduction on InTaO 4 samples with various It should be noted that for dry InTaO 4 , all the donor states are occupied and no optical transitions from the valence band to the donor state occurs. Instead, when InTaO 4 is immersed in water, partial depletion of the donor states will occur. This leads to band bending and the formation of a depletion layer, as reported in literature [23] [27] [28] [29] . The ionized donor states can be filled through optical excitation of valence band electrons, which explains the sub-bandgap optical absorption of InTaO 4 liquid phase reduction of CO 2 . Zou et al. [20] reported that the bottom of con- 
and high photoactivity of InTaO 4 in
Conclusion
